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eReport No. 327/2

SUMMARY OF-INVESTIGATION OF RIFLE BARREL STEEL

| 1. The best material investigated was the Coli stock
. identified as #1 and #2. This materiasl was superior to
any of the other samples examined and much superior to

the material covered by Wetertown Arsenal Report No. 327/1.
;; 2. All barrels showed a degree of nonuniformity in

the heat treated state indicative of improper mill prac-
’ tices. Even the best material examined could have been

improved by proper heat treatment at the mill.

g i

3. While most of the steels examined came within the

SAE 4155 olassiflication, they are not considered a com-

mercial product. SAE 4150 would produce the desired proper-

et NP Y SG  {

ties and still have the advantage of being e normal mill ’
product 1f proper nill practice could be secured.

4, A study of both macro and micro structure does not

indicate the necesgity for lower limits of sulphur and

phosphorus provided the uniformity of dlstribution and
dissemination are satisfactory.

6. longitudinal and transverse physliocal tests indicate
t00 low & ductility velue in the transverse test. This

could be predicted from the macro structure and points to
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the necessity for elimination of banding.

t 6. Erosion studies show that heat checking starts
at the bottom of tool or chatter marks. Cracks progress
perpendicular to the bore and when croeeing bands branch
in a direction along the band parallel to the bore. Hence,
excessive banding points toward a shorter accuracy life
of the barrel,

7. It 1s believed that better stock could be ob-
tained by purchasing uniform material untreated
(preferably hot-rolled or annealed) with subsequent heat
treatment at the Armory under proper supervision and

nnified control.
8. The following basic requirements are recommended

' for inclusion in the epecificetion.

l, Material to be purchased hot-rol’ed or
annesled to a maximum hardness of

260 Brinell.

2. The chemiocal composition to be as follows:
) (steel 4150)

e ¥n P 8 Cr Mo
.47/.53 .60/.90 .040 .040 .80/1.10 .15/.25
max. max.

3. Require that the material furnished shall be
of such quality that it can be heat trested
to produce the following physical properties.

Test Bar
P. L. T. 8.  Elon. Red, Position

Longitudinel 130,000 160,000 17.0 B50.0 50% Rldlua
Transverase 125,000 156C,000 16.0 40.0 .

n2-
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4. Require macro-etch test ani Baumann print
from each end of each bar furnished. Test
to be in both transverse and longitudinal
directions using specimen 1-1/2% long, split
through middle. These tests to show uni-
formity of structure from center to surface.

9. The recommendation in the preceding paragraph is
for the purpose of securing better material in the near
future. However, since baslc cause of poor material appears
to be in mill practice, 1t 1s recommended that answers to
the attached questionnalre be required by the purchage order.
This questionnaire has been used and required by thies arsenzl
as well as Watervliet in the purchare of gun forgings and
breech block, It has lead to definite improvement in the
material secured as well ags a basls for prescribing mill
practice. After a perlod of two or three years combined
with information now being correlated at this arsenal, the
Ordnance Department should be able to prescribe e definite

procedure for rifle barrel stock.
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Confidentlal

Report No. 327/2
Watertown Arsenal June 21, 1937

RIFLE BARREL STEEL - SPRINGFIELD ARMORY

81x specimens of rifle barrel steels obtalned from

various sources were submitted by Springfleld Armory

for comparison.
Concluslons

1. Fabrique Nationale - This steel was moderately

dirty, comprised of small short incluslons. Long stringere

of non-metalllcs were absent., The structure was decidedly

banded, segregated, fairly fine grained, but poorly heat

treated. It probably was in the hot worked condltlon. The

carbon content around the bore was somewhat higher than

that elsewhere.
o, Colt Barrel A after 10,000 Rounds - This stecl was

moderately dirty, comprised of small short inclusions. The

inclusions formed both long and short chalns. The structure

was banded, falrly fine grained and 1n 1ts final heat treated

condition. More careful control of the heat treatment would

have improved 1ts micro-structure considerably.

3. Midvale Bar 1, Heat 6705 1 15/16" Dia, - This steel
comprised of small short incluslons.

was moderately dirty,
form chalns was present but few chalns were

The structure wes decidedly banded, gomewhat

The tendency to

actually formed.

segregated, #6 graln slze and in the hot worked conditlon.
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4, Colt Stock #1, As Receilved from Mill 1 3/16% Dia.

This steel was falrly clean. %The inclusions were small,
short, but tended to form short, falrly widely separated
chains. The structure was decldedly banded, slightly se-
gregated and in the hot worked condition.

5. Colt Stock #2, Colt Heat Treatment - This steel

was felrly clean. The incluslions were small, short and

more or less separated with a few short chalns. The struc-
ture was decidedly banded, slight'y segregated and very

fine grained. A little more care in the heat treatment would
have improved the structure somewhat,

6. Cal, ,30 M1903 Rifle #286901, Mfy, by Avig - Thie

steel was dirty. The inclusions were smell, fairly short
with a tendency to form chains. The structure was banded,
segregated #6 grain size and showed that the steel had been
BURNT during the heating for hot forming. The rupture was
undoubtedly due to fatigue of burnt steel. No heat treatment
ghort of remelting would have made this barrel safe,

TABLE A
Identification of Bpecimens
- PFabrique Nationale Cal. .50 Rifle.
- Colt Barrel A after 10,000 Rounds.

FNA

AA

M1A - Midvale Steel,Heat 8706, Bar 1, 1 16/16" Dia.
ClA - OColt Stock #1, As Received from kKill 1 3/16" Dia,




an -~ Ko

= am——

TABLE A Cont'd

C2A ~ Colt Stock #2, Heat Treated by Colt.

AVA -~ Ruptured Cal, .30 M1903, Rifle #8286901,
ifg. by AVIS.

Respectfully submitted,
,/Q%{Zlubﬁib

H. G. Carter

Assoc, Metallurgist,

s N, e
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L‘ Fig. 1, X25, Unetched, FNA Showing the dirt conditilon,

vi Inclusions were small & short. No chains.

MG-276

{

i

|

-4
4 ¢
Fig., 2, X3, CuCl, etched, FNA. Showing the steel to be
declﬁedly banded. NG-277
b ; Plate WA639-701
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Pigs.3 & 4, X100 1% Nital etched, FNA, Midwall and bore
sections. The structure was fairly fine
grained but segregated. Bore section was
gomewhet higher in carbon thenthe midwall.

MG-259 & 260

Fige, 5 & 6, X1000, Same as Figs., 3 & 4. The structure was
in a hot worked condltlon,
' M@-269 & 270
Plate WA639-702
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Fig. 7, X25, Unetched AA. Moderately dirty. Bmall &
chort incluslons,formlng boﬁ? long & short

chalns. G-278
Fig. 8, X3, CuClp etched AA. 8tcel was banded.
MG-279

Figs. 9 & 10, X100 & X1000 1% Nital etched AA. Falrly
fine gralned sorblte with pseudo martensltio

tendency. ¥G-261 & 271

Plate WA 639-703

)
> '»»&g‘?*%?i



WA 637-703

prav LT

oy




g

—p o e L
R S S »
- O )

e AR AR

Fig. 11, X5, Unetched, MLA. Moderately dirty. Small,
short incluslons with a tendency %o form chalns,
however, only a few chains actuelly formed.

MG-280

CuCls etched, M1A. gteel was banded.
M

Fig. 12, X3, S

0 1% Nital etched, MlA. Some-

grein slze #6, Hot worked

Figs. 13 & 14, X100 & X100
MG-262 & 272

what segregated,
condition.

Plate WA639-704
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Fig. 15, X25, Unetched, ClA. Falrly clean. Incluslon
gmell and short. Tend to form short
falrly widely separated chalns.

MG-282
Flg. 16, X3, CuClg etched, ClA. 8teel was decldedly
banded. : MG@-283

Figs. 17 & 18, X100 & X1000, 1% Nital etched, ClA.
8li1ghtly segregated grain slze #7.Hot
worked conditlon, MG@-263-273

Plate WA639-705
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Fig. 19, X25, Unetched C2A. Fairly clean. Inclusione
small, more or lese separated short
chalins., MG-284

Fig. 20, X3, CuCl, etched, C2A. The steel was decldedly
banded. MG-285

Figs. 21 & 22, X100 & X1000, 1% Nital etched, C2A.
8lightly segregated fine grained
troostite sorbvlte with some fre~
ferrite.

MG-264 & 274
Plate WA 689/706
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Fig. 23, X25, Unetched AVA. Trans. showing rupture
cracks. KG-2567

Figs. 24 & 25, X100 & X1000, AVA. Trans. near crack.
Segregations due to burnt condltlon.
MG-265 & 275

Plate WA639-707
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Fig. 26, X25, Unetched, Long. Sect. AVA, Bteel is dirty.
Inclusions were failrly small with a ten-
dency to form chains,. MG-286

Pig. 27, X3, CuCly etched, AVA, Bteel 1s banded.
MG-287

Fig. 28, X25, CuClg etched, AVA., Crack area. Badly
segregated & burnt,
A - phosphorus segregates
B -~ ferrite segregates
Indicates insipient fusion - ie. Burnt metal
MG-266

Fig. 29, X256, CuCl, etched AVA. Area opposite orack.
Condition similar to Fig. 28.
MG-267

Plate WA639-708
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Fig. 30, X5 CuCl, etched Trans. 8ect, AVA. 8teel
showed general partial reversion to cast

condition.
M3-268A

Fig. 31, X500, CuCl, etched AVA. Near orack. Showing
revegelon to cast segregated conditlon.
A Phosephorus segregates.
B - Ferrite ségregates.
Indicates insiplent fusion - le. Burnt

metal,
MG-268
Plate WAS839-709
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i Report No. 122/36
R
|
1d
i May 4, 1937
b Spectrographic analysis of 6 Rifle Barrel Stooks,

o Ex. 0., 47-Al19

]

“; AS C1s g2s Mms FNS AVIS
E Sn Trace Trace Trace Trace Trace Trace
! y Present Present

H Al (low) (low) ' ' ;
1 Co il Nil Nil Nil Nil N1l
" C'b [ ] " L} n [] [ ]
j Ta, . " " " " "

-; ™ [ ] ] n [ ] [ ] n

~é L] " [ ] n [] "

For Mo, V, Cu, Si, Ni, Mn, Cr, esee Chemical Report.

1 Reference: Plates #526, 527

%.0;%,,
8. Vigo
Analyst
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FROSION OF COLT MACHINE GUN BARREL A-2

Peter R. Kosting

Object

To observe effeots of eroslon of Colt machine gun

barrel A, plece 2.

Reference - Ex.0. 47-A19

Conclusion
1. After 10,000 rounds, lands at origin of rifling

were eroded smooth but accuracy was evidently higher than
for other Colt barrels.

2. Metal was very uniformly sorbitle, extremely

banded and very dirty.
3. Most, but not all, radial oracks when they branch

follow e path initially parallel to bore and to banding,
and in a direction toward the breech; the intersection of
redial cracka with nonmetalliocs which are strung out normal
to them, may be a point of weakness and may be the initial
sterting point of longitudinal oracks.

4. "Wnite" layer was apparently normal; a duplex

gtructure could be discerned.




, Colt Machine Gun Barrel A, piece 2, section including
portion for neck of cartridge cese and beginning

| of rifling, 1Y long.

Analysis - Report No. 310/1790 - SAE 415G Steel

L ¥n 81 P S N COr Cu Mo
.586 .61 .29 ,021 .07 .10 .95 .18 .18

e T ETTTOTW

Properties - Report No, 327/2

Long. P, L, _Y.8.P, _T. 8 El._ R.A
" 0.252 127,000 130,500 160,800 17.2 55,7

PV ST, NN

: ) . 0.118 130,000 135,000 163,500 18,8 52.3

i

b

Heat Treatment - Colt'e

Barrel fired 10,000 rounde

Velocity after 10,000 rounds: 2393 ft/eec.
Aocuracy:

Keyholing: not reported assume none observed
Target pattern:

100 yards (1000 1n. Calculated)
Range Qbeerved W. A,
E.V. 28.0 1in. 7.8 in,
E.H. 16.8 1in. 4.7 in, |
E.S. 29,7 in. 8.2 in. ‘
b
2.
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Study
Metallographic study of bore ares.

Results
The condition of the bore ig shown in Figure 1.

] The lands were eroded smooth with grooves; checking and

gpalling were noticeable. Figure 2 shows the extent

of cracking at a cross-section of the bore. Figures 3

A LTI L WU b

and 4 show the intersgections of radiel cracks with non-

metallics strung out normal to them.

Figures 5 and 6 show the banding of thie steel and

the crack system where radial cracks started to spread

5 ; longitudinally in a direction toward the breech. Due to

the Wood's metal used for mounting the specimen, Aiffi-

R R R
0

culty was encountered in etching the very edge. Ober-
hoffer's etch wae used. Figures 7 and 8 show the micro-
structure, the former Just a little distance from bore,

and the latter at bore. MNital etch was used.

Digcugsion
This particular gun barrel stock wae exceedingly
bended. There existe a general but not perfect parallelism
between bands and streaks of nonmatallics. The radial {

cracks tend to split longitudinally in one direction, and
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most, but not all, branches seem to be parallel to bands
end to bore. The lntersection of radial cracks with
nonmetallics may be a point of weakness faclllitating the
origin of a longitudinal crack.

The sorbitic structure is very uniform, being parti-
cularly free from large areas and streaks of ferrite.

The "white" leyer is shown to be duplex.

Respectfully submltted,

Peter R. Kosting
Chemlcal Engineer
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' Both Halves of Colt Machine Gun Barrel A
; (X.0. 47-419) X3.
a Sectlon at origin of rifling.
{
“< Fired 10,000 rounds,
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Banding Crack System
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Report No, 313/76

: June 10, 1937
. Macrographioc Test

; Springfield Armory Rifle Barrel Stsel

Ex.0, 47-A19
Mgterigls Six types of Rifle Barrel Steels

These steels were submitted for mascro-examination with the following
objects in view:

a, determination of the quality of foreign and commercial steels
used for rifle barrels in comparison with Springfield Armory
standard grades,

b. development of the proper speoification for the material.

e g

s e A o D T

The six steels considered are:

1
{
» 1, Partially finished .50 Cal. Rifle Steel

from Fabrique Nationale - Btamped FN
‘ 2., Colt .30 Cal. Rifle Barrel after ten .

thousand rounds -~ Stamped A
N S. Rifle Barrel Steel from Midvale Steel

Company, Bar #1, Ht. 6705R, Dia, 1 16"

per specification SX8 16 (ip:ing{iold = Stamped M1
! Armory

P 4, " " " Bar #2 ] - Stamped Mg

5. Oolt Rifle Barrel Stock #1, as received

from mill, 0.D, 1 /16" - Stamped 0L
UG " S8took #2, Heat treated - Stamped 02
6. Ruptured .30 Cal., M1903 Rifle #286901
: o murzle section, manufactured by Avis,
1 (see W.A, 474.6/143 and Springfield
' Armory report of acoldent No, 308) - Stamped AV

g Results of short time eteh (10 minutes) in Standard Watertown
3 Arsenal 8olution

5 o
egto% - 80%
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%fl&l'%rl. %getlon !tg!p!% FN-B - The seotion shows a fairly prominent
" dendritic struocture from the outside to the bore with very little inter-

_Longitudin tion Stamped Fii-C - The metal shows very fine longitudinal

- struoture at the outside i1s olean and uniform but it changes quite sud-

- sulphides appear to be about 1" long.

- :;!%avor-o z%otion igggggd M2-B - This d1sc was taken from part 3
o e lo sor above and shows practioally the same maorostruoture.

- outside,

IN _fgteel

dendritic non-metallics and no heavy pitting from the acid reaction.

stre 8 outer portion gradually changing to a slightly more
prominent similar struoture near the bore. The partially finished
smooth bore shows no defeets.

A Steel

!rg%lvog!g Seotion ltgggod ArB = The metal shows a very well worked

on 16 struoture with slightly more prominent interdendritic material
than the FN Steel., Very short radial eracks extend from the bore sur-
faoe (after firing) for onestwo huhdredths of an inmoh.

Longitudinal Section Btamped - The longitudinal streaking is fairly

prominent, some of the sulphide and phosphlde segregations extending
for 1/4%, The heat checking in the bore is only found on the lands.

Ml Steel

Transverse Section Stamped Mi-B - The steel has been well forged and
eat treated. e mater at the cuter portion of the diso shows a

very homogenecus and fine maorostruoture. The amount of segregaticn in

the center is greater than any of the other steels,
ongitudin gtion 4 M1-C - As noted in the transverse diso the

denly to a heavier stresked section (sulphide and phosphide streak)
that 1s very prominent at the oxtreme center. 8Some of the elongated g

M Bteel

It does, howgver, show a slight amount of dsocarburization at the extreme

Q) _Stesl
Iransverse gfotion !tg!pgd 01-B - The metal appears to be very fine,
clean and uanifrora near the outside with relatively little change in

amount of non-metallios near the center. The extreme center has s

small amount of non-metallics whieh will be sompletely removed in
forming the bere,
p |

@99§-5“9*9’%=E§?§*9%-f5‘!‘§%5?1=9 - The matal has quite unifora charac-
eristios a e outside w & tendenocy toward streaks near the ocenter.

The streaks are not as prominent as in 8teel M,

92 Steel
Sransverse Section tamped 09-B - The metal of this diso has the same
et : " e@e
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general characteristics as disc Cl but the ferrite bodies,

"stems of the dendrites", and the interdendritic material are

more in contrast because of the heat treatment given the steel.
The small amount of segregation in the center will be removed in
forming the bore of the rifle. .

Longitudinal Section Stamped C2-C - This section shows a very fine
and very uniform macrostructure at the outeide gradually changing
to a somewhat streaky formation with dark areas but fairly high
in sulphur and phosphorus.

AV Steel

Transverse Section Stawped AV-B -~ This section was etched the same
length of time as the other pieces, but is very much over-etched.

The sulphur and phosphorus are very high, correspondingly the

rate of sulubility in acid 1s high. This section showe & rather
coarse dendritic structure with very hesvy interdendritic sulphide
and phosphide areas.

Longitudinal Section Stamped AV-C - The amount of segregation in
the longlitudinal stresks i1s quite heavy. The general dark color
of the plece aftér etching is the result of higher than the
average sulphur and phosphorus.

All of the above sections were macroetched further to give

a total of twenty-five minutes in the etching bath in

order to make & more sultable surface for photomacrographing
end to study the possible changes occurring. The results

of this etching did not in any way change the characteristics
described after light etch.

Baumann Printg

FN Steel Beumann Printg - The transverse print shows & uniform
pale color throughout with no concentration at the center. The
longitudinael print indicetes very little streaking of sulphide
segregations. :

A Steel Fsumann Print - The crose section shows very fine and
uniform distribution of sulphur and phosphorus with very little
tendency for streaks ln the longitudinal band.

Ml Steel Baumann Prints - The print 1s somewhat darker and has
& coarser distribution. The longitudinal section shows very
proainent and pronounced sulphur and phosphorus streaks in

the central portion.

M2 Steel Baumann Print - Equivalent to M1 Steel.

Cl Steel Baugann Printg - The priat from the transverse section

is very uniform throughout with a fine dissemination of sulphur

and phosphorus. The longitudinal print shows a slight amount of
streaks at the extreme center.

-S=

e g o
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‘ 7 (@2 Steel Baumann Printe - The printe are the seme &s Cl.
t is very dark

b AV Steel Baumann Printg -~ The trensverse prin

g 1te coarse spots near the bore. The longitudinal

; print shows large sulphide and phosphide areas and wide streaks
1 throughout.

ﬁ Vacrostructure:
X Steel) FN - Satisfactory
i L A - L
E "ol - "
] 02 - ]
v M - Barely passable
" M2 - [ ]
" AV - Uneatisfactory

8 and 740-9, and

Reference: See Photom&crographe 740~
8B and 740-9B.

reproductions of Baumann Prints 740~

ggcommendations:
£ield Armory 1s to be considered

1f the steel used at Spring
the equal of commercial or foreilgn eteels, & change 1in

{
7
1 ' gpecification 1g epparently necessary., The gulphur end
L phosphorus 1imit should be gomewhat lower (unless 1ts

disgemination 18 satlsfactory) and the standard for macro-
that will not gllow segre-

rt of the bar that will form

L Gk

- N. L. Reed

etching should be of & grade
gy gations, especially in the pe
’ the bore of the rifle.

.
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ORDNANCE FORGINGS

Information Requested for Each Forging

1. - Mark of jdentification and heat number.

9, - Chemical composition.= Process ~ Basic‘Opon Hearth
Acid |Electric Furnace

3. - Mold - Shape and dimenslons in detail, accompanied
by drawing.

4, - Method of Casting

Cast from (a) top of ladle
(b) bottom of ladle

into (a) top of mold
(b) bottom of mold. .

5. - Hot Top - Data for the cast metal:

Shape and slze
(a) cross section
(b) length
(c) weight

If the steel was bottom poured, please give welght
and dimensions of sinkhead.

6. - Ingot
-Welght
(a) with hot top
(b) without hot top

-Shape - corrugated, square, fluted, etc.

-Dimensions
(a) Maximum diameter at top
(b) Minimum " L
(¢) Maximum diameter at bottom
(d) Minimum " " "
(e) Nominal length of ingot
() Effective length of ingot
(length excluding hot top or
sinkhead)
A sketch 1s very desirable; 1f avallable, 1t
will simplify the description.
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7. - Digcards
1. Dimensions and welght

(a) from top (1indicate whether or not
hot top 1s included in figures)

(b) from bottom
(c) other discards

11. Indicate clearly at_what stage of manufacture

each discard was made.

8. - What was the approximate temperature of the ingot

(a) at time of stripping?

(b) at time of placing in heating furnace?

9, - Indicate approximately the period of time from the
moment of stripping to the moment of placing the

ingot into the heating furnace.

10. - At the time of placing the ingot in the heating
furnace, was the ingot considered to have & uniform
temperature throughout, or was the center considzsred

to be at & higher temperature? 1f so, indicate the
approximate Aifference in temperatures between the

central part and ine outside.

11, - Indicate for gach heating o eration approximate

temperature ¢f heating furnace
the metal.

12. - Indicate for egch heating operation
(a) time for bringing up to t:3mperature

(b) time held at temperature

13. - Indicate for each heating operatlon temperature of
metal leaving the furnace to be hot-worked.

ot the time of charging
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T 14. - Hot-working orzrations and their sequence: Was

15.

16,

17,

18.

19.

20.

2l.

hot-working carried out

(a) only under press

(b) " "  hammer

(c) " " prolls

(d) first under press and then under hammer

( e ) i L] hammEI' 1 L] f pre 8s
() " rolls " M "  press or

hammer

Number of heats required for working:

(a) under rolls
(b) " press
(c) "  hammer

Description of the method of hot-working (character
nf die used, etc.)

Type (and name of manufacturer), capacity and other
essentlal characteristics of the rolls, presses or
hammers used.

Was forging upset during manufacture? If so, at
what stage and to what dimensions (cross section
and length)?

Indicate the actual dimension of the metal plece to
which the reduction was effected in each of the suc-
cesslve operatlons mentionea above in (14):

(a) cross sectional dimensions

(b) length

Indicate approximate temperature of the metal at the
time each hot-working operation was stopped.

Manner of cooling (or heating) after the last hot-
working operation, including data on:

-3-
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22.

24,

25.

26.

(a) cooling medium

(b) initinl temperature of the cooling operation

(c¢) final temperature of the cooling operation

(d) period of time required for cooling to the
final temperaturec

- Heat treatment:

Give for each step of hesat treatment the fol-
lowing information, stating also the treatment that
preceded or followed the machining operation (turn-
ing outside, boring, etc.) on the forging:

(2) furnace temperature at time of placing
forging in furnace
(b) time for bringing up to treatment temperature

(c) trecatment temperature
(d) time of hold Esoaking) at the temperature in (c)
(e) cooling: (1) manner

(2) medium
- (3) time '
(f) ter sure to which forging was cooled.

Indicate number of forgings or billets made from
the same ingot.

If several billets or forglngs are made from the same
ingot, indicate:

(a) The rclative position of each billet 1in the
ingpt

(b) The relative position of each forging in the
ingot.

If several forgings are made from the billet indicate
their relative position in 1it.

For each of the billets and forgings indicate the
mark showing which of its ends was the nearest to
the bottom of the ingot. (A sketch may assist the
description).

-4
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Indicate the position of every test metal slab or
disc by giving thelir distance from the extreme end
of the rough forging, which is ncarest to the bot-
tom of the ingot. %Sufficient data are desired to
determine approximate location of the test metal
slab in the ingot from which it originated).

[SSUE OF 7-1-36

§TH RevisioN




